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Summary
Legume endosymbiotic bacteria indigenous of copper (Cu)-contaminated soils from Chile have been isolated 
using pea (Pisum sativum), bean (Phaseolus vulgaris) and alfalfa (Medicago sativa) as trap host plants. Highly 
contaminated soils only produced nodules in certain legume hosts, whereas nodulation was observed in the three 
legume hosts when inoculated with soils containing a low Cu concentration. A collection of 362 strains was 
isolated, and their levels of Cu resistance were tested in media supplemented with increasing metal 
concentrations and in disk diffusion assays. By these two approaches, 84 strains displaying levels of Cu 
resistance higher than those exhibited by the corresponding reference strains were selected. The most resistant 
strains isolated from alfalfa and bean nodules grew normally at 3 mM and 2.5 mM CuSO4 and were obtained 
from two different highly contaminated soils. Strains nodulating pea plants showed similar levels of resistance to 
Cu (2-2.5 mM CuSO4) and were isolated from low-contaminated soils. Our data suggest a reduction of microbial 
diversity in agricultural Cu-contaminated soils from Chile.  
Introduction 
The widespread use of Cu in bactericides and fungicides lead to the contamination of 
agricultural soils mainly due to its accumulation to toxic levels in the surface soil layer. It is 
known that Cu and other heavy metals have a negative effect on legume endosymbiotic 
bacteria and on nitrogen fixation process (Laguerre et al., 2006), but the level of tolerance to 
Cu is highly variable among species and strains (Lakzian et al., 2002). The Cu extraction 
processes and wastes affect many agricultural soils in Chile. This situation raised the interest 
for studies of the biodiversity of legume endosymbiotic bacteria in these soils, and for the 
isolation of bacteria highly resistance to this heavy metal, in order to identify bacterial 
mechanisms involved in Cu homeostasis and bacterial survival in contaminated soils.  
Materials and Methods 
Pea (Pisum sativum), bean (Phaseolus vulgaris) and alfalfa (Medicago sativa) seedlings were inoculated with 
soils suspensions. Nodules were surfaced-sterilized, crushed and spread in YMB and R minimal media. Cu 
resistance of strains was analyzed by growing in plates of TY medium with increasing concentrations of CuSO4.
For disk diffusion tests (Bauer et al., 1966), exponential cultures were inoculated in TY agar medium and disks 
soaked in different CuSO4 concentrations. The inhibition zone was measured after 48 hours of incubation. 
Phylogenetic analysis was carried out with the 16S rDNA sequences of isolated strains. DNA sequences were 
optimally aligned using the CLUSTALX program. Neighbor-joining matrixes and trees were generated 
employing the MEGA 4.1 and the phylogenetic web server at www.phylogeny.fr.
Results and Discussion
The aim of this work was to study de diversity of Rhizobium species in Cu-contaminated soils 
of Chile and the identification of rhizobial strains with increased resistance to Cu. To do this, 
nine soils were prospected from the III, IV and VI regions. Among them three soils, 
designated as 7-12, 9-11 and Copiapó, contained the highest concentration of Cu and were 
classified as highly contaminated. Pea, bean and alfalfa plants were used as trap legume hosts 
to isolate the rhizobia indigenous population. After three weeks of soil inoculation, root 
S1-16
l ti   t i ti   i ti  t i   
 t i t  il  i  il  
r  1, t  2, i  3, r r  1, ri t  I1, l i s J 1, i s  2, rit  1*
1 e rt e t  e i tec l í , iversi  litéc ic  e ri , ve i  l te se s/ ,  ri  
 e tr  e i tec l í  y e ic  e l t s, , s e te ce  - rreter  , k  
. , z el  e l rc ,  ri , i ; 2 e rt e t  e r cci  e et l, c lt  e ie ci s 
r ic s iversi  e ile, sill  , ti , ile;  3 e rt e t  e í ic  ríc l , . . . 
I e ier s ríc l s, i  iversit ri  s/,  ri   e tr  e i tec l í  y e ic  e 
l t s, s e te ce , z el  e l rc ,  ri , i . ele . rit .es 
e e e s i tic acteria i i e s f c er ( )-c ta i ate  s ils fr  ile a e ee  is late  
si  ea ( is  s tiv ), ea  ( se l s v l ris) a  alfalfa ( e ic  s tiv ) as tra  st la ts. i l  
c ta i ate  s ils l  r ce  les i  certai  le e sts, ereas lati  as ser e  i  t e t ree 
le e sts e  i c late  it  s ils c tai i  a l   c ce trati .  c llecti  f  strai s as 
is late , a  t eir le els f  resista ce ere teste  i  e ia s le e te  it  i creasi  etal 
c ce trati s a  i  is  iff si  assa s.  t ese t  a r ac es,  strai s is la i  le els f  
resista ce i er t a  t se e i ite   t e c rres i  refere ce strai s ere selecte . e st resista t 
strai s is late  fr  alfalfa a  ea  les re  r all  at   a  .   4 a  ere tai e  
fr  t  iffere t i l  c ta i ate  s ils. trai s lati  ea la ts s e  si ilar le els f resista ce t  
 ( - .   4) a  ere is late  fr  l -c ta i ate  s ils. r ata s est a re cti  f icr ial 
diversity in agricultural u-conta inated soils fro  hile.  
I t ti  
 i s r  s  f  i  t ri i s  f i i s l  t  t  t i ti  f 
ri lt r l s ils i l   t  its l ti  t  t i  l ls i  t  s rf  s il l r. It is 
 t t   t r  t ls   ti  ff t  l  s i ti  
t ri    itr  fi ti  r ss ( rr  t l., ), t t  l l f t l r  t  
 is i l  ri l   s i s  str i s ( i  t l., ).   tr ti  
r ss s  st s ff t  ri lt r l s ils i  il . is sit ti  r is  t  i t r st 
f r st i s f t  i i rsit  f l  s i ti  t ri  i  t s  s ils,  f r t  
is l ti  f t ri  i l  r sist  t  t is  t l, i  r r t  i tif  t ri l 
is s i l  i   st sis  t ri l s r i l i  t i t  s ils.  
t i ls  t s 
ea ( is  s tiv ), ea  ( se l s v l ris) a  alfalfa ( e ic  s tiv ) see li s ere i c late  it  
s ils s s e si s. les ere s rface -sterilize , cr s e  a  s rea  i   a   i i al e ia.  
resista ce f strai s as a al ze   r i  i  lates f  e i  it  i creasi  c ce trati s f 4.
r is  iff si  tests ( a er et l., ), e e tial c lt res ere i c late  i   a ar e i  a  is s 
s a e  i  iffere t 4 c ce trati s. e i i iti  z e as eas re  after  rs f i c ati . 
l e etic a al sis as carrie  t it  t e  r  se e ces f is late  strai s.  se e ces ere 
ti all  ali e  si  t e  r ra . ei r-j i i  atri es a  trees ere e erate  
e l i  t e  .  a  t e l e etic e  ser er at . l e .fr.
s lts  is ssi
 i  f t is r  s t  st   i rsit  f iz i  s i s i  - t i t  s ils 
f il   t  i tifi ti  f r i i l str i s it  i r s  r sist  t  .   t is, 
i  s ils r  r s t  fr  t  III, I   I r i s.  t  t r  s ils, 
si t  s - , -   i , t i  t  i st tr ti  f   r  
l ssifi  s i l  t i t . ,   lf lf  l ts r  s  s tr  l  sts 
t  is l t  t  r i i  i i s l ti . ft r t r  s f s il i l ti , r t 
Is r r f s r fr
r s s
u án So o ub o L ab e a E P e o Pa ac o ag n ky o
D pa am n o d B o no og a Un dad Po n a d ad d A n da Comp u n n 28040 ad d
and C n o d B o no og a G nóm a d P an a UP Campu d on gan do Ca a 40 m
37 7 Po u o d A a ón 28223 ad d Spa n D pa am n o d P odu ón V g a Fa u ad d C n a
Ag onóm a Un dad d Ch Ca a 1004 San ago Ch D pa am n o d Qu m a Ag o a E T U
ng n o Ag o a C udad Un a a 28040 ad d and C n o d B o no og a G nóm a d
P an a Campu d on gan do Po u o d A a ón 28223 ad d Spa n *b n b o upm
Su ary
L gu ndo y b o b nd g nou o opp Cu on n d o o Ch h v b n o d
u ng p P um a um b n Pha o u u ga nd d ago a a p ho p n H gh y
on n d o on y p odu d nodu n n gu ho wh nodu on w ob v d n h h
gu ho wh n no u d w h o on n ng ow Cu on n on A o on o 362 n w
o d nd h v o Cu n w d n d upp n d w h n ng
on n on nd n d k d u on y By h wo pp o h 84 n d p y ng v o Cu
n h gh h n ho xh b d by h o pond ng n n w d Th o n
n o d o nd b n nodu g w no y 3 nd 2 5 CuSO nd w ob n d
o wo d n h gh y on n d o S n nodu ng p p n how d v o n o
Cu 2 2.5  CuSO nd w o d o ow on n d o Ou d ugg du on o ob
C C
n roduc on
The de p ead u e o u n bac e c de and ung c de ead o he con a na on o
ag cu u a o a n y due o accu u a on o ox c eve n he u ace o aye
kno n ha u and o he heavy e a have a nega ve e ec on egu e endo y b o c
bac e a and on n ogen xa on p oce Lague e e a 2006 bu he eve o o e ance o
u h gh y va ab e a ong pec e and a n Lakz an e a 2002 The u ex ac on
p oce e and a e a ec any ag cu u a o n h e Th ua on a ed he n e e
o ud e o he b od ve y o egu e endo y b o c bac e a n he e o and o he
o a on o bac e a h gh y e ance o h heavy e a n o de o den y bac e a
echan nvo ved n u ho eo a and bac e a u v va n con a na ed o
a er a and e hod
P P um a um b n Pha o u u ga nd d ago a a d ng w no u d w h
o u p n on Nodu w u d d u h d nd p d n Y B nd R n d Cu
n o n w n y d by g ow ng n p o TY d u w h n ng on n on o CuSO
Fo d k d u on B u a 1966 xpon n u u w no u d n TY g d u nd d k
o k d n d n CuSO on n on Th nh b on on w u d 48 hou o n ub on
Phy og n n y w d ou w h h 16S DNA qu n o o d n DNA qu n w
op y gn d u ng h CLUSTALX p og N ghbo o n ng x nd w g n d
p oy ng h EGA 4 1 nd h phy og n w b v www phy og ny
e u and cu on
The a o h o k a o udy de d ve y o Rh ob u pec e n u con a na ed o
o h e and he den ca on o h zob a a n h nc ea ed e ance o u To do h
n ne o e e p o pec ed o he and eg on ong he h ee o
de gna ed a 7 12 9 11 and op apó con a ned he h ghe concen a on o u and e e
c a ed a h gh y con a na ed Pea bean and a a a p an e e u ed a ap egu e ho
o o a e he h zob a nd genou popu a on e h ee eek o o nocu a on oo
olation and cha acte ization o  endo y biotic bacte ia o  
coppe  conta inated oil  in hile 
D r  D1, t  C2, R i  3, C r r  1, ri t  RI1, l i s J 1, B i s  C2, Brit  B1*
1 e rt e t  e i tec l í , iversi  litéc ic  e M ri , ve i  l te se s/ ,  M ri  
 e tr  e i tec l í  y e ic  e l t s, M, s e M te ce  - rreter  M , k  
. , z el  e l rc ,  M ri , i ; 2 e rt e t  e r cci  e et l, c lt  e ie ci s 
r ic s iversi  e ile, sill  , ti , ile;  3 e rt e t  e í ic  ríc l , . . . 
I e ier s ríc l s, i  iversit ri  s/,  M ri   e tr  e i tec l í  y e ic  e 
l t s, s e M te ce , z el  e l rc ,  M ri , i . ele . rit @ .es 
mm
e me e s m i tic acteria i i e s f c er ( )-c tami ate  s ils fr m ile a e ee  is late  
si  ea ( is  s tiv ), ea  ( se l s v l ris) a  alfalfa (Me ic  s tiv ) as tra  st la ts. i l  
c tami ate  s ils l  r ce  les i  certai  le me sts, ereas lati  as ser e  i  t e t ree 
le me sts e  i c late  it  s ils c tai i  a l   c ce trati .  c llecti  f  strai s as 
is late , a  t eir le els f  resista ce ere teste  i  me ia s leme te  it  i creasi  metal 
c ce trati s a  i  is  iff si  assa s.  t ese t  a r ac es,  strai s is la i  le els f  
resista ce i er t a  t se e i ite   t e c rres i  refere ce strai s ere selecte . e m st resista t 
strai s is late  fr m alfalfa a  ea  les re  rmall  at  mM a  .  mM 4 a  ere tai e  
fr m t  iffere t i l  c tami ate  s ils. trai s lati  ea la ts s e  similar le els f resista ce t  
( - mM 4) a  ere is late  fr m l -c tami ate  s ils. r ata s est a re cti  f micr ial 
i ersit  i  a ric lt ral -c tami ate  s ils fr m ile.  
I t ti  
 wi s r  s  f C  i  t ri i s  f i i s l  t  t  t mi ti  f 
ri lt r l s ils m i l   t  its m l ti  t  t i  l ls i  t  s rf  s il l r. It is 
w  t t C   t r  m t ls   ti  ff t  l m  s m i ti  
t ri    itr  fi ti  r ss ( rr  t l., ), t t  l l f t l r  t  
C  is i l  ri l  m  s i s  str i s ( i  t l., ).  C  tr ti  
r ss s  w st s ff t m  ri lt r l s ils i  C il . is sit ti  r is  t  i t r st 
f r st i s f t  i i rsit  f l m  s m i ti  t ri  i  t s  s ils,  f r t  
is l ti  f t ri  i l  r sist  t  t is  m t l, i  r r t  i tif  t ri l 
m isms i l  i  C  m st sis  t ri l s r i l i  t mi t  s ils.  
t i ls  t s 
ea ( is  s tiv ), ea  ( se l s v l ris) a  alfalfa (Me ic  s tiv ) see li s ere i c late  it  
s ils s s e si s. les ere s rface -sterilize , cr s e  a  s rea  i  M  a   mi imal me ia.  
resista ce f strai s as a al ze   r i  i  lates f  me i m it  i creasi  c ce trati s f 4.
r is  iff si  tests ( a er et l., ), e e tial c lt res ere i c late  i   a ar me i m a  is s 
s a e  i  iffere t 4 c ce trati s. e i i iti  z e as meas re  after  rs f i c ati . 
l e etic a al sis as carrie  t it  t e  r  se e ces f is late  strai s.  se e ces ere 
timall  ali e  si  t e  r ram. ei r-j i i  matri es a  trees ere e erate  
em l i  t e M  .  a  t e l e etic e  ser er at . l e .fr.
R s lts  Dis ssi
 im f t is w r  w s t  st   i rsit  f iz i m s i s i  C - t mi t  s ils 
f C il   t  i tifi ti  f r i i l str i s wit  i r s  r sist  t  C .   t is, 
i  s ils w r  r s t  fr m t  III, IV  VI r i s. Am  t m t r  s ils, 
si t  s - , -   C i , t i  t  i st tr ti  f C   w r  
l ssifi  s i l  t mi t . ,   lf lf  l ts w r  s  s tr  l m  sts 
t  is l t  t  r i i  i i s l ti . Aft r t r  w s f s il i l ti , r t 
Is l ti   r t ri ti  f s m i ti  t ri  fr m 
r t mi t  s ils i  C il  
urán 1, Soto 2, ubio L3, abrera E1, Prieto I1, Palacios JM1, aginsky 2, rito 1*
1Departamento de Biotecnología, Universidad Politécnica de adrid, Avenida Complutense s/n, 28040 adrid 
and Centro de Biotecnología y Genómica de Plantas, UP , Campus de ontegancedo - Carretera 40, km 
37.7, Pozuelo de Alarcón, 28223 adrid, Spain; 2Departamento de Producción Vegetal, Facultad de Ciencias 
Agronómicas Universidad de Chile, Casilla 1004, Santiago, Chile;  3Departamento de Química Agrícola, E.T.U. 
Ingenieros Agrícolas, Ciudad Universitaria s/, 28040 adrid and Centro de Biotecnología y Genómica de 
Plantas, Campus de ontegancedo, Pozuelo de Alarcón, 28223 adrid, Spain. *belen.brito upm.es 
Su ary
Legu e endosy biotic bacteria indigenous of copper (Cu)-conta inated soils fro  Chile have been isolated 
using pea (Pisum sativum), bean (Phaseolus vulgaris) and alfalfa ( edicago sativa) as trap host plants. Highly 
conta inated soils only produced nodules in certain legu e hosts, whereas nodulation was observed in the three 
legu e hosts when inoculated with soils containing a low Cu concentration. A collection of 362 strains was 
isolated, and their levels of Cu resistance were tested in edia supple ented with increasing etal 
concentrations and in disk diffusion assays. By these two approaches, 84 strains displaying levels of Cu 
resistance higher than those exhibited by the corresponding reference strains were selected. The ost resistant 
strains isolated fro  alfalfa and bean nodules grew nor ally at 3  and 2.5  CuSO4 and were obtained 
fro  two different highly conta inated soils. Strains nodulating pea plants showed si ilar levels of resistance to 
Cu (2-2.5  CuSO4) and were isolated fro  low-conta inated soils. Our data suggest a reduction of icrobial 
diversity in agricultural Cu-conta inated soils fro  Chile.  
Introduction 
The idespread use of u in bactericides and fungicides lead to the conta ination of 
agricultural soils ainly due to its accu ulation to toxic levels in the surface soil layer. It is 
kno n that u and other heavy etals have a negative effect on legu e endosy biotic 
bacteria and on nitrogen fixation process (Laguerre et al., 2006), but the level of tolerance to 
u is highly variable a ong species and strains (Lakzian et al., 2002). The u extraction 
processes and astes affect any agricultural soils in hile. This situation raised the interest 
for studies of the biodiversity of legu e endosy biotic bacteria in these soils, and for the 
isolation of bacteria highly resistance to this heavy etal, in order to identify bacterial 
echanis s involved in u ho eostasis and bacterial survival in conta inated soils.  
Materials and Methods 
Pea (Pisum sativum), bean (Phaseolus vulgaris) and alfalfa ( edicago sativa) seedlings were inoculated with 
soils suspensions. Nodules were surfaced-sterilized, crushed and spread in Y B and R ini al edia. Cu 
resistance of strains was analyzed by growing in plates of TY ediu  with increasing concentrations of CuSO4.
For disk diffusion tests (Bauer et al., 1966), exponential cultures were inoculated in TY agar ediu  and disks 
soaked in different CuSO4 concentrations. The inhibition zone was easured after 48 hours of incubation. 
Phylogenetic analysis was carried out with the 16S rDNA sequences of isolated strains. DNA sequences were 
opti ally aligned using the CLUSTALX progra . Neighbor-joining atrixes and trees were generated 
e ploying the EGA 4.1 and the phylogenetic web server at www.phylogeny.fr.
esults and iscussion
The ai  of this ork as to study de diversity of Rhizobiu  species in u-conta inated soils 
of hile and the identification of rhizobial strains ith increased resistance to u. To do this, 
nine soils ere prospected fro  the III, I  and I regions. ong the  three soils, 
designated as 7-12, 9-11 and opiapó, contained the highest concentration of u and ere 
classified as highly conta inated. Pea, bean and alfalfa plants ere used as trap legu e hosts 
to isolate the rhizobia indigenous population. fter three eeks of soil inoculation, root 
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nodulation was checked. In general all hosts inoculated with the less contaminated soils 
showed a normal nodulation, whereas plants inoculated with suspensions of highly 
contaminated soils failed to nodulate certain hosts. In fact, no nodulation was observed in any 
host inoculated with the Copiapo soil sample, the most contaminated soil. A collection of 362 
isolates from pea, bean and alfalfa nodules was obtained. Cu resistance was analyzed by 
growing isolated strains in plates containing concentrations of Cu ranging from 0.5 to 3.5 mM 
CuSO4 and by disk diffusion tests (Figure). By these approaches 84 strains displaying levels 
of Cu resistance higher than those exhibited by the corresponding reference strains were 
selected. The most resistant strains isolated from alfalfa and bean nodules grew normally at 3 
mM and 2.5 CuSO4 and were obtained from highly contaminated soils 7-12 and 9-1. All 
strains obtained from pea nodules showed similar levels of resistance to Cu (2-2.5 mM 
CuSO4) and were isolated from non-contaminated soils.  
Figure. Analysis of Cu resistance of endosymbiotic bacteria 
isolated from pea (strain G.M.D.4, Panel A, bottom), bean 
(strain J.9-11.C.14, Panel B, bottom), and alfalfa (strain A.7-
12.C.19, Panel C, bottom) nodules by disk diffusion tests. 
Plates in the top are inoculated with the respective control 
strains:  R. leguminosarum strain UPM791 (Panel A), R.
etli CFN42 (Panel B) and S. meliloti 1021(Panel C).  Each 
plate contains disk soaked in water, 100 mM, 500 mM, 1 M 
CuSO4.
 According to the phylogenetic characterization based on 16S rRNA sequences, the pea 
isolates are grouped together forming a monophyletic group together with the corresponding 
strains of R. leguminosarum bv. viciae, which agrees with the results of the tests of 
nodulation. The sequences of the bean strains showed a high sequence similarity with the 
corresponding of R. etli and R. leguminosarum bv. phaseoli strains. Sequences belonging to 
the alfalfa isolates grouped together with sequences coding for 16S rRNA in strains of 
S. meliloti, and Sinorhizobium sp. Our data suggest a reduction of microbial diversity in 
agricultural Cu-contaminated soils from Chile.  
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